Introduction
Myofascial pain syndrome (MPS) is a local syndrome featured with pain, muscle spasm, oversensitivity, and restricted range of motion due to trigger points (MTrps) on constricted fibers of muscles and fasciae. 1, 2 MPS is the most common cause of back pain, shoulder pain, tension-type headache, and regional pains (e.g., facial pain). 2 It is one major cause of musculoskeletal system disability as it occurs in 37% of males and 65% of females at age 30-60 years. 12, 13 Because of the existence of conflicting evidences and as no available reviews or meta-analyses were done before, it is necessary to reevaluate the existing evidences. Regarding these studies, we comprehensively searched the literature and evaluated the effectiveness of US on pain relief and physical improvement in MPS patients.
Methods
This meta-analysis was completed in accordance with the Preferred Reporting Items for Systematic Reviews and MetaAnalyses (PRISMA) guidelines. 14 
Literature search
Two authors (PX and XW) searched through PubMed, Embase and Cochrane Library using keywords and text words related to US, MPS, relevant interventions, and randomized controlled trial (RCT; Supplementary material). The date of the electronic search was from January 1966 to May 2016. The references of relevant studies and reviews were also searched.
Inclusion criteria
First, two authors (PX and XW) independently checked the abstract and full text of each retrieved article. Any divergence was settled through discussion or consultation with another author (XL). The inclusion criteria were as follows: 1) study design RCT; 2) inclusion of MPS patients; 3) US therapy; 4) report of pain and range of motion (ROM) outcomes; and 5) follow-up for 0 or 12 weeks. Any trial with unbalanced extra modality (e.g., education or exercise) between patients and controls was excluded.
Data collection and analysis
Two authors (QL and KC) independently extracted data from the published reports using a standard data extraction form from Cochrane Collaboration. 15 They reviewed the study population, types of intervention, outcome measurements, and follow-up. Disagreements were resolved by discussion. Any further information required from the original author was requested by email.
Risk of bias and quality assessment
Two authors (QL and XL) assessed the methodological quality of each included study. The risk of bias was evaluated from the perspective of randomization rigor, therapy allocation concealment, blinding, data completeness, and data reporting as recommended by Cochrane Collaboration. 16 Based on the objectives of this review, we established the risk of bias from the key domains of randomization, data completeness, blinding, and therapy allocation concealment. The risk of bias for each article was rated as low (all key domains were adequate), unclear (at least one domain was unclear), and high (at least one domain was inadequate). The risk of bias across articles was rated as low (all articles had low risk), unclear (>75% of articles had unclear or low risk and <25% of articles had high risk), or high (>25% of articles had high risk). 16 
Outcome measures
We primarily aimed to investigate the effectiveness of US in pain relief and ROM improvement. The common valid reliable scales for pain intensity assessment and monitoring included numerical rating scale (NRS) and visual analog scale (VAS). They were the primary outcomes in the pain assessment. Furthermore, pressure pain threshold (PPT) was used in some included studies. Therefore, we also used PPT results for the secondary outcome of pain.
In this meta-analysis, the outcome measure for ROM is lateral flexion, rotation, flexion, or extension of cervical joint. If outcomes were reported at several postintervention time nodes in a study, we selected the first and the last measure time nodes (week 0 and week 12). The relative therapeutic effect was measured by the change in pain and ROM scores at the follow-up time node.
Statistical analyses
The effect estimates were pooled by examining the mean change from baseline to end point of each group. When no standard deviation (SD) of change was available, the SD of baseline measure was used for the meta-analysis and the data were analyzed on RevMan 5.3. 17 The sufficiently homogeneous data (clinical and statistical) were summarized. 
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Effectiveness of ultrasound therapy for myofascial pain syndrome Continuous data were presented as the standardized mean difference (SMD) with 95% confidence interval (CI) based on the similarity of the pain and physical function assessment scales. The between-study heterogeneity was measured through c 2 (P<0.10: heterogeneity) and I 2 statistic (I 2 <40%: low, I 2 ≥75%: high). 18 In case of high heterogeneity, the sources were explored through sensitivity analysis and subgroup analysis. The outcomes were pooled on random-effects models. The significance level was set at P<0.05.
Results
The initial search in May 2016 returned 235 articles ( Figure 1) . After result combination, removal of duplicates, and review of title and abstract, we included 11 full-text articles. One article without reporting outcomes of pain or function was excluded. 8 Finally, 10 studies were included, [11] [12] [13] [19] [20] [21] [22] [23] [24] [25] which were published between 1997 and 2015. The 10 studies were fully analyzed, approved by both reviewers, and the data were extracted. In the end, eight studies 11, 13, [19] [20] [21] [22] [23] 25 were enrolled in quantitative synthesis because the other two studies 12, 24 did not provide data of effect size. 
Description of included studies

548
Xia et al which included co-intervention such as standard stretching and ROM exercises. Table 1 summarizes the US therapy characteristics of the included studies. The parameter of US was used with pulsed mode (four studies), 12, 20, 22, 24 continuous mode (four studies), 11, [23] [24] [25] and unclear mode (three studies). 13, 19, 21 The course of the treatment was once in three studies 13, 19, 20 and six to 15 sessions in the other seven studies. 11, 12, [21] [22] [23] [24] [25] Risk of bias and quality assessment
The risk of bias was low for three studies, [23] [24] [25] unclear for four studies, 11, 19, 21, 22 and high for three studies 12, 13, 20 ( Figure 2 and Table 1 ). Thus, the overall risk of bias from the evidence in this meta-analysis is high.
The evidences for pain and ROM are rated as low quality due to the high risk of bias and the across-trial heterogeneity (P<0.1, I 2 =65-96%; Figures 3A, 4A , and 5A).
Effect of US on pain
The effect of US on pain intensity was evaluated by VAS or NRS in eight studies. [11] [12] [13] [21] [22] [23] [24] [25] The method and total scores of NRS were similar to VAS. Only six studies 11, 13, [21] [22] [23] 25 were included in the meta-analysis because two studies did not report data of effect size. 12, 24 Overall, the application of US has significant impact on pain relief at rest or activity condition ( Figure 3A ). Moreover, a subgroup analysis based on follow-up time Figure 3B ). The high heterogeneity was then assessed via sensitivity analysis. After excluding two studies 11, 13 , the use of US still resulted in a significant decrease in pain intensity (SMD Figure 3C ). PPT was used for pain assessment in seven studies. 13, [19] [20] [21] [22] [23] 25 All the seven studies were included in the meta-analysis, and a subgroup analysis based on follow-up time was done. Results showed that US versus non-US significantly increased pain threshold at week 0 (SMD Figure 4A ). The sensitivity analysis showed that after the exclusion of two studies, 22 Figure 4B ).
Effect of US on ROM
The effect of US on cervical joint ROM was assessed in six studies, 11, 13, [20] [21] [22] [23] and the date of ROM change from baseline was extracted. Figure 5 shows the outcomes of meta-analysis for cervical joint ROM. The subgroup analysis showed that US or US+exercise versus non-US had no significant effect on lateral flexion (SMD Ay et al (2011) 22 Dündar et al (2010) 11 Gam et al (1998) 12 Kavadar et al (2015) 26 Lee et al (1997) 13 Ilter et al (2015) 25 Manca et al (2014) 24 Sarrafzadeh et al (2012) 23 Srbely et al (2008) 
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Xia et al 22 Dündar et al (2010) 11 Kavadar et al (2015) 26 Lee et al (1997) 13 Manca et al (2014) 24 Ay et al (2011) 22 Dündar et al (2010) 11 Dündar et al (2010) 11 Kavadar et al (2015) 26 Kavadar et al (2015) 26 Lee et al (1997) 13 Manca et al (2014) 24 Ay et al (2011) 22 Kavadar et al (2015) 26 Manca et al (2014) 24 Manca Figure 5A ). The sensitivity analysis showed no significant difference between US and non- 
=2.19, P=0.70, I
2 =0%) after exclusion of one study 23 ( Figure 5B ).
Discussion
To our knowledge, this is the first systematic review comprehensively evaluating the effects of US therapy on pain and ROM of MPS patients. The overall results indicate that US is effective in pain relief, but not in ROM improvement. However, due to the high risk of bias and the across-trial heterogeneity of the studies, the current evidence is not clear enough to support US as an effective method to treat MPS. In the past years, the treatment of MPS was always a difficult problem. Since the etiology of MPS is unknown, the treatment protocols mostly target at symptoms. The physical treatment modalities are aimed at relax of rigid bands, inactivation of trigger points, and regulation of predisposing factors. 26, 27 Although US is commonly used for physical therapy, two reviews found insufficient evidence that US is more therapeutically effective than placebo on musculoskeletal problems. 28, 29 Some metaanalysis and systematic reviews state that comparison of findings is complicated due to technical differences in the dose of US, treatment duration, the area and type of the treated tissue, and combination of US with other treatment types. 28, 30 In recent years, US has been applied in MPS treatment. Some clinical trials prove the benefits of US for MPS patients, 11, [19] [20] [21] [22] [23] [24] [25] but other studies indicate that US has no significant effect on MPS. 12, 13 Furthermore, there is a lack of large-scale RCTs. The effect of US on MPS is not conclusive due to the small number of investigated patients. As we know, the present review involving 10 RCTs aimed to uncover the effect of US on MPS. This review and meta-analysis has some strengths, such as transparent comprehensive search, 22 Kavadar et al (2015) 26 Kavadar et al (2015) 26 Lee et al (1997) 13 Manca et al (2014) 24 Manca et al (2014) 24 Sarrafzadeh et al (2012) 23 Srbely et al (2008) 20 Srbely et al (2008) 20 Aguilera et al (2009) 21 Ay et al (2011) 22 Lee et al (1997) 13 Manca et al (2014) 24 Aguilera et al (2009) 
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Xia et al independent and duplicate study inclusion and data collection, and the use of standard meta-analytic techniques for effectiveness evaluation. A total of 10 studies exploring the effects of US on MPS were included in this review. The risk of bias was low in three studies, unclear in four studies, and high in three studies. MPS is typically manifested as deep somatic intensityvarying pains that are tensive, constrictive or cramp-like, or well discriminated, and its onset is sudden or gradual, continuous or intermittent, and at rest or only during movement. 31, 32 Eight studies [11] [12] [13] [21] [22] [23] [24] [25] used VAS or NRS to evaluate pain intensity, but only six studies were incorporated into the meta-analysis. The estimates of meta-analysis suggested that US has a significant benefit on pain relief of MPS patients at the final follow-up. The subgroup analysis showed that US also has a significant benefit on pain relief at the end of treatment and 12 weeks follow-up. The heterogeneity among studies by the I 2 statistic indicated that the results should be interpreted with caution. After the exclusion of two studies, 11, 13 the pooled results with no heterogeneity from four studies showed that US versus non-US could relieve the self-reported pain. However, this result was restricted by the low number of included studies. The inconsistency and heterogeneity between these two studies and other studies might be attributed to the differences in the parameter of US, treatment course, and pain duration. Two studies reporting VAS were excluded from the quantitative synthesis due to the lack of data. As reported in these studies, continuous US therapy is more efficient in pain relief than pulsed US or sham therapy, but the latter two treatments are Ay et al (2011) 22 Ay et al (2011) 22 Lee et al (1997) 13 Lee et al (1997) 13 Manca et al (2014) 24 Manca et al (2014) 24 Sarrafzadeh et al (2012) 23 Aguilera et al (2009 11 Dündar et al (2010) 11 Ay et al (2011) 22 Dündar et al (2010) 11 Ay et al (2011) 
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Effectiveness of ultrasound therapy for myofascial pain syndrome not significantly different. 24 Moreover, pulsed US therapy gives no pain reduction in MPS patients. 12 The conclusions of these two studies were mainly limited by the type of statistical data or high risk of bias.
The sensory changes at trigger and target levels have been extensively studied by detecting pain thresholds after both muscles and overlying superficial tissues (subcutaneous tissue and skin) were subjected to different stimuli. As extensively reported, the PPT is reduced at the trigger point level. 33, 34 PPT was used for pain assessment in seven included studies, [11] [12] [13] [21] [22] [23] 25 which were all incorporated into metaanalysis. Overall, a significant positive effect of US therapy versus non-US was observed. Moreover, US seemed more efficient on pain threshold elevation at the end of treatment, but had no significant benefit after 12 weeks of follow-up. These results are consistent with the finding about the effect of US on pain assessed by VAS or NRS. However, the interpretation of these results is also limited by the high heterogeneity. As for the source of heterogeneity, no heterogeneity or outcome change was found after exclusion of two studies. 11, 13 The inconsistency and heterogeneity between these two studies and the other studies might be explained by the differences in the sex of participants, method of PPT measurement, parameter of US, treatment course, pain duration, and the control group.
In addition to the pain, MPS patients also suffer from the altered motor function, which is manifested as weakness, work tolerance reduction, and inability to coordinate TrPs-harboring muscles. 35 All of the patients with regional neck pain in our review presented with TrPs in the uTM. Therefore, cervical joint ROM is an important outcome of physical function in our review, but it was reported in only six studies, 11, 13, [20] [21] [22] [23] which were included in the quantitative synthesis. Pooled comparison of the ROM of lateral flexion, rotation, flexion or extension in six studies showed that US therapy was not more effective than the control group. The high heterogeneity in the pooled results of lateral flexion was then explored via sensitivity analysis. After exclusion of one study, the meta-analysis showed no significant difference in the ROM of lateral flexion without heterogeneity. The inconsistency and heterogeneity between this study and the other studies might be attributed to the differences in sex, parameter of US, treatment course, and the control group. However, due to the small sample size, the effect of US versus non-US on physical function is inconclusive.
This review has some limitations. First, the findings are based on evidence, which is of high risk of bias and low quality. The small number of included studies due to high heterogeneity may also limit the findings. This indicates that the effect sizes for pain might be partially aggravated by the method limitations of the included studies. Moreover, we used the cervical joint ROM to compare US therapy with non-US therapy. However, there is conflicting evidence about the prevalence of restricted ROM in MPS. 36 Furthermore, the other outcome measures besides ROM may be considered so as to assess the effects of US on MPS.
Another limitation is that the findings from the articles comparing US and placebo and the articles including cointervention were pooled. We assumed that there was no interaction between US and exercise, but we could not verify this assumption. It is well known that exercise contributes to pain relief and ROM improvement for MPS patients. [37] [38] [39] Therefore, we cannot rule out a positive interaction between US and exercise.
Finally, the results were limited by the sexes of study patients. One study 22 only included female patients, and the number of females was more than that of males in four studies. 11, 21, 24, 25 The effects of US therapy on MPS may be different in females and males. In addition, the publication bias was not determined owing to the small numbers of included trials and 428 participants. Hence, it is possible that only positive trials, but no negative trials, were published. Overall, the methodological limitations make the effect estimates less convincing.
Conclusion
The current evidence suggests that there may be a significant effect of US therapy on pain in MPS patients, but not on ROM. The high risk of bias makes the effects of US on pain and ROM inconclusive. The relevant evidence is extremely weak, due to the very low quality of some studies, incompleteness of patient-reported outcomes, and very small sample sizes. Nevertheless, the effects of US therapy on MPS should be confirmed by large-sized and high-quality RCTs that have safeguards against bias and assess important outcomes.
